Abstract. In the previous decade, tyrosine kinase inhibitors (TKIs) have demonstrated significant effects in patients with non-small cell lung cancer (NSCLC) with epidermal growth factor receptor (EGFR) mutations. However, sufficient tumor tissue for genetic testing cannot always be obtained in clinical settings. The present study evaluated whether fibrinogen may assist in predicting the EFGR mutation status in patients with NSCLC. Between January 2010 to December 2013, 303 patients with NSCLC underwent EGFR mutation testing. Plasma fibrinogen was acquired prior to treatment, and the associations between fibrinogen, EGFR mutation status and clinical features were assessed. A multivariate analysis and a receiver operator characteristic curve analysis were performed to identify the potential value of fibrinogen in predicting EGFR mutation status. The proportion of patients with hyperfibrinogenemia was significantly higher in N2 and N3 stages compared with N0 and N1 stages, 45.2 and 56.5 vs. 29.2 and 36.0%, respectively (P= 0.001), and higher in the M1 stage compared with the M0 stage, 47.9 vs. 35.2%, respectively (P= 0.025) (Stages according to the American Joint Committee of Cancer, 7th edition). Plasma fibrinogen levels were significantly lower in patients with EGFR mutations compared with the wild-type EGFR gene, 2.95 g/l (range, 0.84 -8.61 g/l) vs. 3.57 g/l (range, 1.38-7.44 g/l), respectively (P<0.001). In the multivariate analysis, logistic regression was utilized and the fibrinogen odds ratio (OR), 2.5, confidence intervals (CI) 1.53-4.51 (P<0.001) and smoking status OR 5.07, CI 3.01-8.53 (P<0.001), for which the area under the curve was 0.75, were revealed to be independent predictive factors. Hyperfibrinogenemia is associated with metastasis of the distant organs, but also metastasis of the lymphatic tissue. In addition, a multivariate model based on fibrinogen and smoking history may be used as a predictive marker of EGFR mutation status in patients with NSCLC.
Introduction
Non-small cell lung cancer (NSCLC) is the most common type of cancer and the main cause of cancer-associated mortalities in China (1) . In the previous decade, the tyrosine kinase inhibitors (TKI) gefitinib and erlotinib, which specifically target the TK domain of the epidermal growth factor receptor (EGFR), have demonstrated longer progression-free survival in patients with NSCLC with EGFR mutations than in patients with wild-type EGFR (2, 3) . Thus, it is important to establish the EGFR mutation status for the optimization of treatment in patients with NSCLC. However, sufficient tumor tissues cannot always be obtained for genetic testing in clinical settings. Therefore, developing noninvasive techniques to predict the EGFR mutation status may be of clinical use.
The level of fibrinogen, a major acute phase protein synthesized by the liver epithelium, increases in the blood in response to blood clotting, infection, wound healing, inflammation and neoplasia (4) . It is increasingly recognized that levels of plasma fibrinogen are associated with human malignancies, such as lung, gastric, esophageal, ovarian and renal cancer (5) (6) (7) (8) . Fibrinogen, and other coagulation factors serve an important function in tumor cell growth, invasion and metastasis by supporting the sustained adhesion of tumor cells and by promoting tumor neoangiogenesis. Additionally, fibrinogen itself is able to directly bind to inflammatory cells, inducing synthesis of proinflammatory cytokines, and the inflammatory microenvironment of tumors effectively influences proliferation and migration of tumor cells. Previous studies have reported that hyperfibrinogenemia is correlated with lymphatic metastasis in gastric cancer and gallbladder carcinoma, but not in NSCLC (9) (10) (11) The PCR cycling conditions were as follows: An initial denaturation at 95˚C for 5 min followed by six cycles of 95˚C for 30 sec, an annealing phase at 60˚C for 90 sec, decreasing by 0.5˚C every cycle until reaching 57˚C, and an elongation step of 72˚C for 90 sec. This was followed by an additional 45 cycles as described herein, with an annealing temperature of 57˚C, and finally an elongation step at 72˚C for 10 min. According to standard protocols, PCR products were sequenced in both sense and anti-sense directions using an ABI PRISM ® 9700 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The quantification cycle (Cq) values of the target gene and reference genes were obtained from the PCR data by a DxS EGFR mutation test kit (Manchester, UK), according to the manufacturer's protocols.
Statistical analysis. Plasma fibrinogen was analyzed as a categorical variable and a continuous variable subsequent to grouping by normal levels and hyperfibrinogenemia. Continuous covariates were analyzed using a Wilcoxon rank-sum test or a Student's t-test. Categorical covariates were analyzed with a Fisher's exact test or Pearson chi-squared test as appropriate. Logistic regression analysis was performed to test the variables which were associated with EGFR mutation status in univariate analysis. Subsequently, the area under the curve (AUC) of the receiver operator characteristic (ROC) curve was used for measuring the predictive value. P<0.05, which derived from two-sided tests, and was considered to indicate a statistically significant difference. The values are given as mean ± standard deviation if appropriate. All experiments were repeated three times. Analyses were performed with SPSS 21.0 (IBM SPSS, Armonk, NY, USA) for all statistical calculations.
Results

Plasma fibrinogen concentration and characteristics of patients.
The association between plasma fibrinogen and the general characteristics of patients is summarized in Table I . A total of 178 patients (58.7%) exhibited low plasma fibrinogen concentrations (≤3.5 g/l), whereas 125 (41.3%) exhibited high serum fibrinogen concentrations (>3.5 g/l). Low plasma fibrinogen concentration was significantly associated with several variables, including female sex, never smokers, adenocarcinoma histopathology, well-differentiated tumor grading and AJCC stage I tumors (Table I) Table II . In total, 303 histologically verified patients with NSCLC, with a mean age of 60±11.6 years, 97 females and 206 males, were included. A total of 121 patients, 39.9%, were positive for an EGFR mutation. The EGFR mutations were more frequent in female patients compared with males, 62.9 vs. 29.1%, respectively (P<0.001). A total of 148 patients, 48.8%, were never smokers, followed by 127 patients, 41.9%, who were smokers and 28 patients, 9.2%, who used to smoke. For statistical analyses, the smokers and who used to smoke were combined into an smoking group (n=155; 51.2%). The EGFR mutations were more frequent in non-smokers compared with smokers, 60.1 vs. 20.6%, respectively (P<0.001), as demonstrated in Fig. 2A . There were 232 patients, 76.6%, with adenocarcinoma. EGFR mutations were more frequent in patients with adenocarcinoma (P<0.001). A total of 133 patients, 43.9%, were diagnosed as poorly differentiated, whereas 47 patients, 15.5%, and 74 patients, 24.4%, were diagnosed as well-differentiated and moderately differentiated, respectively. In 49 patients, 16.2%, information about the tumor grade was missing. Almost half of the patients were diagnosed at stage IV (n=144; 47.5%), whereas 69 patients (22.8%) 26 patients (8.6%) and 64 patients (21.1%) were detected at stages I, II and III, respectively.
Association between plasma fibrinogen and EGFR mutation status. Plasma fibrinogen levels were significantly lower in patients with EGFR mutations compared with the wild-type EGFR gene, 2.95 g/l (range, 0.84-8.61 g/l) vs. 3.57 g/l (range, 1.38-7.44 g/l), respectively (P<0.001), as demonstrated in Fig. 2B . Patients were allocated into two groups with a cut-off level of normal fibrinogen level of 3.5 g/l. A total of 125 patients were allocated to the elevated fibrinogen group (>3.5 g/l) and 178 patients were allocated to the non-elevated fibrinogen group (≤3.5 g/l). The incidence of EGFR mutations in the non-elevated fibrinogen group was higher compared with the elevated fibrinogen group, 51.1 vs. 24.0%, respectively (P<0.001). In the univariate logistic regression analysis, the ORs of EGFR mutations (OR, 0.30; 95% CI, 0.18-0.50; P<0.001) were significantly decreased in patients in the elevated fibrinogen group. ROC curve analysis was performed to demonstrate that the fibrinogen cut-off point was 3.5, as illustrated in Table II , and the AUC of the ROC curve was 0.64 (95% CI, 0.57-0.70; Fig. 3 ). For additional analyses, fibrinogen levels were dichotomized into groups according to the 75th percentile of the total study population. An elevated level of fibrinogen, with a cut-off of 4.2 g/l, was present in 228 patients, 25%. The ORs of EGFR mutations (OR, 0.41; 95% CI, 0.23-0.75; P= 0.004) were significantly decreased in patients with elevated fibrinogen group. ROC curve analysis was performed to show that the fibrinogen cutoff point was 3.5, as illustrated in Table III , and AUC of the ROC curve was 0.57 (95% CI, 0.51-0.64), as demonstrated in Fig. 3 . An elevated level of fibrinogen was associated with patients who smoked (P<0.001). The majority of smoking patients (n=74, 91.4%) in the elevated fibrinogen group (>3.5 g/ml) was associated with wild-type EGFR (P<0.001). However, in nonsmoking patients, no statically significant association was observed between fibrinogen and EGFR mutation status. The incidence of EGFR mutations of non-elevated fibrinogen group (≤3.5 g/ml) was high compared with the elevated fibrinogen group in adenocarcinoma (55.3 vs. 30.0%; P<0.001), whereas no statistically significant association was observed between fibrinogen and EGFR mutation status in squamous cell carcinoma and others, determined via histopathology. The incidence of EGFR mutations of non-elevated fibrinogen group (≤3.5 g/ml) was higher compared with the elevated fibrinogen group in poorly differentiated (47.1 vs. 19.0%; P= 0.001), whereas no statistically significant association was observed between fibrinogen and EGFR mutation status in the other tumor grade. At stage I, III and IV, the incidence of EGFR mutations of non-elevated fibrinogen group was significantly higher compared with the elevated fibrinogen group in adenocarcinoma (P<0.05). There was a trend of lower incidence of EGFR mutations in the elevated fibrinogen group compared with the non-elevated fibrinogen group, though it was not statistically significant at stage II.
Multivariate analysis of various predictive factors of EGFR mutation status.
In the univariate analysis, EGFR mutation status was significantly associated with sex, smoking status, tumor histology, tumor differentiated degree, tumor stage and fibrinogen, as summarized in Table II . In order to clarify which was the independent predictive factor of EGFR mutations, a multivariate analysis was performed. Logistic regression was utilized and the model was adjusted for sex, smoking history, histopathology, tumor grade, stage and fibrinogen. Fibrinogen (OR 2.5, CI 1.53-4.51, P<0.001) and smoking status (OR 5.07, CI 3.01-8.53, P<0.001) were revealed to be independent predictive factors subsequent to multivariate analyses, whereas sex, tumor histology, tumor differentiated degree and tumor stage exhibited no independent predictive impact on EGFR mutation status in the study population. Finally, the sensitivity and specificity of plasma fibrinogen levels and smoking status in predicting EGFR mutation status were investigated and ROC analysis was performed. When the predictive model included either plasma fibrinogen levels or smoking status, the AUC for prognosticating EGFR mutation status was 0.65 (95% CI: 0.59-0.72) and 0.71 (95% CI: 0.65-0.77), respectively. When the predictive model included plasma fibrinogen levels and smoking status together, the AUC for prognosticating EGFR mutation status was 0.75 (95% CI: 0.70-0.81), indicating that the model with two factors possessed higher accuracy for predicting EGFR mutation status compared with the model with only one factor in NSCLC, as demonstrated in Fig. 3 .
Discussion
The association between the progression of malignancies and coagulation has been investigated (13) . The activation of coagulation and fibrinolysis in patients with NSCLC is closely associated with tumor invasion, metastasis and poorer prognosis (14) . Hypercoagulability is an indication of more aggressive disease states. Amongst patients with NSCLC, high plasma concentrations of fibrinogen, platelet counts and D-dimers are associated with poor prognosis (15) . Additionally, anticoagulant drugs such as heparin with low molecular weights exhibited a significant antitumor effect without increasing the incidence of venous thromboembolism (16) . In the present study, plasma fibrinogen concentration was significantly associated with clinical characteristics. Hyperfibrinogenemia was associated with male sex and squamous cell carcinoma histopathologies. In addition, plasma fibrinogen concentration was higher in smokers compared with in nonsmokers, whilst a previous study reported that high fibrinogen levels were associated with smoking-associated types of cancer (17) . High fibrinogen concentration was associated with poorly differentiated and advanced stage tumors. Notably, an association was identified between high fibrinogen levels and advanced T stage, which was also consistent with a previous study (11) .
Elevated coagulation may be a key factor of the possibility of metastasis, such as circulating tumor cells. Fibrinogen promotes platelets to adhere to tumor cells, and the aggregates of platelet-fibrin-tumor cell complexes may lead to potential metastasis by preventing the natural killer cells from eliminating tumor cells (18) . In addition, animal models have confirmed that fi In addition, anim may strongly diminish tumor size, but did not prevent lung metastasis (19) . This phenomenon is due to the fact that fibrinogen maintains adhesion to the circulating tumor cells (20) . These data are important as they suggest an association between fibrinogen and M stage. This association was also demonstrated in the present study. Notably, it was revealed that hyperfibrinogenemia was associated with lymphatic metastasis, similar with the results of previous studies in gastric and gallbladder cancer (9, 10) . Additionally, Palumbo et al (21) demonstrated that the incidence of metastases in regional lymph nodes was markedly reduced in fibrinogen-deficient mice with subcutaneously inoculated Lewis lung cell carcinoma. However, Jones et al (11) revealed that hyperfibrinogenemia was not associated with lymphatic metastasis in NSCLC. The reasons for these conflicting results may be associated with the fact that the previous study was based on a relatively small sample and the majority of the patients (92.5%) were of N 0 stage: Additionally, all of the patients underwent CT scanning instead of PET/CT scanning. Therefore, hyperfibrinogenemia may be associated with distant organ metastasis and lymphatic metastasis.
In the present study, EGFR mutation status was significantly associated with sex, smoking history, histopathology, tumor grade and clinical stage, which was also verified by previous studies (22, 23) . EGFR mutations were associated with the nonsmoking study population. These data were consistent with those of previous studies. EGFR gene mutations located between the CAAGGAA repeats were preponderantly in-frame deletions in NSCLC of non-smoking patients with NSCLC (24) . In the present study, the proportion of EGFR gene mutations were low in smoking patients, which was consistent with previous studies.
To our knowledge, this is the first study investigating the association between plasma fibrinogen concentration and EGFR gene mutation status. Hyperfibrinogenemia was revealed to be associated with the wild-type EGFR. Additionally, logistic regression analysis revealed that plasma fibrinogen and smoking history were independent predictive factors for EGFR gene mutation status in patients with NSCLC. The genotype of a non-smoking patient who exhibited low plasma fibrinogen concentration (≤3.5) always indicated EGFR gene mutations, particularly in females and patients with adenocarcinoma. Conversely, the genotype of a smoking patient who exhibited hyperfibrinogenemia was generally wild-type EGFR, particularly in males and patients with squamous carcinoma. However, the reason for the association between elevated plasma fibrinogen and EGFR gene mutation status of NSCLC remains unknown.
Interleukin-6 (IL-6) is a cytokine which serves an important role in numerous inflammatory diseases, and IL-6R is one subtype of interleukin-6. Previous studies have confirmed that the activation of IL-6R/Janus kinase 1/signal transducer and activator of transcription 3 signaling via autocrine IL-6 production induced resistance to EGFR-TKIs in NSCLC (24, 25) . Yamaguchi et al (26) revealed a positive correlation between plasma fibrinogen concentration and serum IL-6. Therefore, hyperfibrinogenemia may result in resistance to EGFR-TKIs in patients with EGFR mutations. This requires additional studies with larger sample sizes.
In summary, the present study demonstrates for the first time that plasma fibrinogen is an independent predictive factor for EGFR gene mutation status. Fibrinogen levels are moderately accurate in predicting EGFR gene mutation status when plasma fibrinogen measurements are combined with smoking history in patients with NSCLC. In addition, Figure 3 . Comparative receiver operator characteristic curves for one factor (fibrinogen) and two factors (fibrinogen and smoking history) for predicting EGFR mutation status. AUC, area under the curve; EGFR, epidermal growth factor receptor. hyperfibrinogenemia is associated with distant organ metastasis and lymphatic metastasis, suggesting that patients with NSCLC with notably elevated fibrinogen level may benefit from aggressive multimodality therapy. However, additional independent studies are required to fully characterize the molecular mechanisms between fibrinogen, EGFR gene mutation status and metastasis.
